パンルヴェ方程式のベックルント変換群の階層 (複素領域における微分方程式の大域解析と漸近解析) by 鈴木, 正樹 et al.
Titleパンルヴェ方程式のベックルント変換群の階層 (複素領域における微分方程式の大域解析と漸近解析)
Author(s)鈴木, 正樹; 田原, 伸彦; 高野, 恭一








. , (Masaki Suzuki)
(Nobuhiko Tahara)







( [2]) . $$.
6
$\delta_{J}q=\{H_{J}(q,p, t, \alpha), q\}$ , $\delta_{J}p=\{H_{J}(q,p, t, \alpha),p\}$ ,
($J=VI,$ $V$, $IV,$ $IILI$I, $I$ ) ( $J$ 1
)
$\delta_{V}=\delta_{III}=t\frac{d}{dt},$ $\delta_{IV}=\delta_{II}=\delta_{I}=\frac{d}{dt}$
$\text{ _{}\backslash }\{\cdot$ ,
$\{f,g\}=\frac{\partial f}{\partial p}\frac{\partial g}{\partial q}-\frac{\partial f}{\partial q}\frac{\partial g}{\partial p}$
$q,p,$ $t$




$H_{VI}(q,p, t, \alpha)=$q(q–1)(q-t)p2–[$(\alpha$0–1 $)$ q(q–1)+\mbox{\boldmath $\alpha$}4$(q-1)(q-t)$
. $+\alpha$3q(q-t)$]p+\alpha$2 $(\alpha_{1}+\alpha_{2})(q-t)$
$(\alpha_{0}+\alpha_{1}+2\alpha_{2}+\alpha_{3}+\alpha_{4}=1)$ ,
$H_{V}(q,p, t, \alpha)=$q(q-1)p(p $+$ t)– $(\alpha 1+\alpha 3)$qp $+\alpha 1p+\alpha$2tq
$(\alpha_{0}+\alpha_{1}+\alpha_{2}+\alpha_{3}=1)$ ,




$\mathrm{x}$ $P_{J}(J\neq I)$ $W=W_{J}$ $P_{J}$
$q,p,$ $t,$ $\alpha=$ $(\alpha_{0},$ $\alpha$1, ... $)$ $K$ ( )
( )
$P_{J}$ . $\alpha=$ $(\alpha_{0},$ $\alpha$1, ... $)$
$W_{VI}$ $D_{4}^{(1)}$ $W_{V}$ $A_{3}^{(1)}$ $W_{IV}$ $A_{2}^{(1)}$ ([2])
$(J, K)=(VI, V),$ (V, $IV$), (V, $III$), (IV, $II$), (III, $II$), (II, $I$)
$\epsilon$
$\alpha i=\alpha$: $(A,\epsilon)$ $(i=0,1, \ldots)$ ,
$t=t(\epsilon, T)$ , $q=q(A, \epsilon, T, Q, P)$ , $p=p(A, \epsilon, T, Q, P)$
$P_{J}$ $P_{Jarrow K}$ $\epsilonarrow 0$
$P_{Jarrow K}$ $P_{K}$ ( $(q,p)$ $(Q, P)$
$P_{Jarrow K}$ )
$W_{J}$ $Q,$ $P,$ $T,$ $A=$ $(A_{0},$ $A$ 1, ... $)$ , $\epsilon$
$W_{J}$ $W_{J}$











$(J, K)=(VI, V),$ (V, $IV$)
[4]
52. $Wv\mathrm{r}$ $Wv$
$W_{VI}$ $s_{0}$ , $s_{1},$ $s_{2},$ $s_{3},$ $s_{4}$ $s_{1}$. $\alpha_{0}+\alpha_{1}+$
$2\alpha_{2}+\alpha_{3}+\alpha_{4}=1$ $\alpha_{0},$ $\alpha_{1},$ $\alpha_{2},$ $\alpha_{3},$ $\alpha_{4}$ $q,p_{:}t$ :
$s_{0}(\alpha 0)=-\alpha$0, $s_{0}(\alpha_{1})=\alpha$ 1, $s_{0}(\alpha_{2})=\alpha 2+\alpha$o, $s_{0}(\alpha_{3})=\alpha$3, $s_{0}(\alpha_{4})=\alpha$4,
$s_{0}(q)=q$ , $s_{0}(p)=p-\alpha_{0}/(q-t)$ , $s_{0}(t)=t$ ,
$s_{1}(\alpha_{0})=\alpha$0, $s_{1}(\alpha_{1})=-\alpha$ 1, $s_{1}(\alpha_{2})=\alpha 2+\alpha$1, $s_{0}(\alpha_{3})=\alpha$3, $s_{1}(\alpha_{4})=\alpha$4,
$s_{1}(q)=q$ , $s_{1}(p)=p$ , $s_{1}(t)=t$ ,
$s_{2}(\alpha_{0})=\alpha_{0}+\alpha_{2}$ $s_{2}(\alpha_{1})=\alpha_{1}+\alpha_{2}$ , $s_{2}(\alpha_{2})=-\alpha_{2}$ , $s_{0}$ (\mbox{\boldmath $\alpha$}3)=\mbox{\boldmath $\alpha$}3+\mbox{\boldmath $\alpha$}2
$s_{2}(\alpha_{4})=\alpha$4 $+\alpha$2,
$s_{2}(q)=q+\alpha_{2}/p$ , $s_{2}(p)=p$ , $s_{2}(t)=t$ ,
$s_{3}(\alpha_{0})=\alpha$0, $s_{3}(\alpha_{1})=\alpha_{1}$ , $s_{3}(\alpha_{2})=\alpha$2 $+\alpha$3, $s_{3}(\alpha_{3})=-\alpha$3, $s_{3}(\alpha_{4})=\alpha$4,
$s_{3}(q)=q$ , $s_{3}(p)=p-\alpha_{3}/(q-1)$ , $s_{3}(t)=t$ ,
$s_{4}(\alpha_{0})=\alpha$0, $s_{4}(\alpha_{1})=\alpha_{1}$ , $s_{4}(\alpha_{2})=\alpha$2 $+\alpha$4, $s_{4}(\alpha_{3})=\alpha$3, $s_{4}(\alpha_{4})=-\alpha$4,
$S_{4(q)}=q)$ $s_{4}(p)=p-\alpha_{4}/q)$ $s_{4}(t)=t$
$W_{V}$ $s_{0}$ , $s_{1},$ $s_{2},$ $s_{3}$ $s_{i}$ $\alpha_{0}+$
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$\alpha_{1}+\alpha_{2}+\alpha_{3}=1$ $\alpha_{0},$ $\alpha_{1},$ $\alpha_{2},$ $\alpha_{3}$ $q,p,$ $t$ :
$s_{0}(\alpha_{0})=-\alpha$0, $s_{0}(\alpha_{1})=\alpha$1 $+\alpha$0, $s_{0}(\alpha_{2})=\alpha$2, $s_{0}(\alpha_{3})=\alpha$3 $+\alpha$0)
$s_{0}(q)=q+\alpha_{0}/(p+t)$ , $s_{0}(p)=p$ , $s_{0}(t)=t$ ,
$s_{1}(\alpha_{0})=\alpha_{0}+\alpha_{1}$ , $s_{1}(\alpha_{1})=-\alpha_{1}$ , $s_{1}(\alpha_{2})=\alpha_{2}+\alpha_{1}$ , $s_{0}(\alpha_{3})=\alpha_{3}$ ,
$s_{1}(q)=q$ , $s_{1}(p)=p-\alpha_{1}/q$ , $s_{1}(t)=t$ ,
$s_{2}(\alpha_{0})=\alpha$0, $s_{2}(\alpha_{1})=\alpha_{1}+\alpha$2, $s_{2}(\alpha_{2})=-\alpha$2, $s_{2}(\alpha_{3})=\alpha$3 $+\alpha$2,
$s_{2}(q)=q+\alpha_{2}/p$ , $s_{2}(p)=p$ , $s_{2}(t)=t$ ,
$s_{3}(\alpha_{0})=\alpha$0 $+\alpha$3, $s_{3}(\alpha_{1})=\alpha$1) $s_{3}(\alpha_{2})=\alpha$2 $+\alpha$3) $s_{3}$.
$(\alpha_{3})=-\alpha$3,
$s_{3}(q)=q$ , $s_{3}(p)=p-\alpha_{3}/(q-1)$ , $s_{3}(t)=t$
$P_{VI}$ $P_{V}$
$\alpha 0=\epsilon^{-1},$ $\alpha_{1}=A3,$ $\alpha_{2}=A_{2}$ , $\alpha_{3}=A_{0}-A_{2}-\epsilon^{-1},$ $\alpha_{4}=A_{1}$ ,
$t=1+\epsilon T$, $(q-1)(Q-1)=1$ , $(q-1)p\dotplus(Q-1)P=-A2$
$\{P, Q\}=1$ , $\{Q, Q\}=\{P, P\}=0$ ,
$A_{0}+A_{1}+A_{2}+A_{3}=\alpha 0+\alpha_{1}+2\alpha 2+\alpha 3+\alpha 4=1$
$W_{VI}$ $A=$ ( $A_{0},$ $A$1, $A_{2}$ , A3), $\epsilon,$ $T,$ $Q,$ $P$
$s_{0}$ $A=$
($A_{0},$ $A$ 1, A2, $A_{3}$ ), $\epsilon$
$A_{0}=\alpha 0+\alpha 2+\alpha_{3}$ , $A_{1}=\alpha_{4}$ , $A_{2}=\alpha_{2}$ , $A_{3}=\alpha$1 $\epsilon=\frac{1}{\alpha_{0}}$
$s_{0}(A_{0})=s_{0}(\alpha_{0}+\alpha_{2}+\alpha_{3})=-\alpha$o $+$ ( $\alpha 2+\alpha$o) $+\alpha 3=\alpha 2+\alpha$3
$=A_{0}-\epsilon^{-1}$ , $s_{0}(A_{1})=s_{0}(\alpha_{4})=\alpha_{4}=A_{1}$ ,
$s_{0}(A_{2})=s_{0}(\alpha_{2})=\alpha 2+\alpha_{0}=A_{2}+\epsilon^{-1}$, $s_{0}(A3)=s_{0}(\alpha_{1})=\alpha_{1}=A3,$
$s_{0}(\epsilon)=s_{0}(1/\alpha_{0})=-1/\alpha 0=-\epsilon$
$s_{0}(A_{0}),$ $s_{0}(A_{2})$ $\epsilonarrow 0$
$S$ : $\epsilonarrow 0$
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$A_{0},$ $A_{1},$ $A_{2}$ , A3 $A_{3}^{(1)}$ 1 $|$] –
$W_{VI}$
$S_{0}:=s_{0}s_{2}s_{3}s_{2}s_{0}=s_{3}s_{2}s_{0}s_{2}s_{3}$, $S_{1}:=s_{4}$ , $S_{2}:=s_{2}$ , $S_{3}:=s_{1}$ .
$S_{0}(A_{0})=-A0,$ $S_{0}(A_{1})=A_{1}+A_{0},$ $S_{0}(A_{2})=A_{2}$ ,
$S_{0}(A_{3})=A_{3}+A_{0}$ , $S_{0}( \epsilon)=\frac{\epsilon}{1-A_{2}\epsilon}$ ,
$S_{1}(A_{0})=A_{0}+A_{1},$ $S_{1}(A_{1})=-A1,$ $S_{1}(A_{2})=A_{2}+A_{1}$ ,
$S_{1}(A3)=A3,$ $S_{1}(\epsilon)=\epsilon$ ,
$S_{2}(A_{0})=A_{0},$ $S_{2}(A_{1})=A_{1}+A2,$ $S_{2}(A_{2})=-A2,$
$S_{2}(A3)=A_{3}+A2,$ $S_{2}( \epsilon)=\frac{\epsilon}{1-A_{2}\epsilon}$ ,
$S_{3}(A_{0})=A_{0}+A_{3},$ $S_{3}(A_{1})=A_{1},$ $S_{3}(A_{2})=A_{2}+A_{3}$ ,
$S_{3}(A3)=-A3,$ $S_{3}(\epsilon)=\in$
$S_{0},$ $S_{1},$ $S_{2},$ $S_{3}$ $T,$ $Q,$ $P$
$S_{0}(T)=T(1-A_{0}\epsilon)$ , $S_{0}(Q)=Q+ \frac{A_{0}(1-Q(Q-1)P\epsilon)}{P+T-T(Q-1)P\epsilon}$ ,
$S_{0}(P)=P(1+ \frac{A_{0}T\epsilon}{P+T-T(A_{0}+QP)\epsilon})$ ,
$S_{1}(T)=T$, $S_{1}(Q)=Q$ , $S_{1}(P)=P- \frac{A_{1}}{Q}$ ,
$S_{2}(T)=T(1+A_{2}\epsilon)$ , $S_{2}(Q)=Q+ \frac{A_{2}}{P}$ , $S_{2}(P)=P$,
$S_{3}(T)=T$, $S_{3}(Q)=Q$ , $S_{3}(P)=P- \frac{A_{3}}{Q-1}$ .
$W_{V}$ $S_{0},$ $S_{1},$ $S_{2},$
$S_{3}$
$W_{VI}$ $W_{VIarrow V}$ $Wv$
) $P_{VI\prec V}$ $\delta v:=Td/dT,$ $HvIarrow V:=H_{VI}/(1+$
$\epsilon T)$
$P_{VIarrow V}$ : $\delta_{V}Q=\{H_{VIarrow V}, Q\}$ , $\delta_{V}P=\{H_{VIarrow V}, P\}$
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$\epsilonarrow 0$ $H_{VIarrow V}arrow H_{V}$ $w\in W_{VI}$\rightarrow V
$\delta_{V}w(Q)=\{w(H_{VIarrow V}), w(Q)\}$ , $\delta$V $w(P)=\{w(H_{VIarrow V}), w(P)\}$
$(J, K)=$ ( $V,$ $I$V)
\S 3. $W_{V}$ $W_{IV}$
$W_{V}$
$W_{IV}$ $s_{0},$ $s_{1},$ $s_{2}$ $S_{1}$. $\alpha_{0}+\alpha_{1}+\alpha_{2}=1$
$\alpha_{0},$ $\alpha_{1},$ $\alpha_{2}$ $q,p,$ $t$ :
$s_{0}(\alpha_{0})=-\alpha$0, $s_{0}(\alpha_{1})=\alpha$l $+\alpha$o, $s_{0}(\alpha_{2})=\alpha 2+\alpha$0,
$s_{0}(q)=q+2\alpha_{0}/(2p-q-2t)$ , $s_{0}(p)=p+\alpha_{0}/(2p-q-2t)$ , $s_{0}(t)=t$ ,
$s_{1}(\alpha_{0})=\alpha 0+\alpha$b $s_{1}(\alpha_{1})=-\alpha$b $s_{1}(\alpha_{2})=\alpha 2+\alpha$b
$s_{1}(q)=q$ , $s_{1}(p)=p-\alpha_{1}/q$ , $s_{1}(t)=t$ ,
$s_{2}(\alpha_{0})=\alpha$o $+\alpha$2, $s_{2}(\alpha_{1})=\alpha 1+\alpha$2, $s_{2}(\alpha_{2})=-\alpha$2,
$s_{2}(q)=q+\alpha_{2}/p$, $s_{2}(p)=p$, $s_{2}(t)=t$ .
$P_{V}$ $P_{IV}$
$\alpha_{0}=A_{0}+\frac{1}{2}\epsilon^{-2}$ , $\alpha_{1}=A_{1}$ , $\alpha_{2}=A_{2}$ , $\alpha_{3}=-\frac{1}{2}\epsilon^{-2}$ ,
$t= \frac{1}{2}$g-2 $(1+2\epsilon T)$ , $q=- \frac{\epsilon Q}{1-\epsilon Q}$ ,
$p=-\epsilon^{-1}(1-\epsilon Q)[P-\epsilon(A_{2}+QP)]$
$\{P, Q\}=1$ , $\{Q, Q\}=\{P, P\}=0$ ,
$A_{0}+A_{1}+A_{2}=\alpha 0+\alpha 1+\alpha 2+\alpha_{3}=1$
. $\alpha_{0},$ $\alpha_{1},$ $\alpha_{2},$ $\alpha_{3},$ $t,$ $q,$ $t$ $A_{0},$ $A_{1},$ $A_{2},$ $\epsilon,$ $T,$ $Q,$ $P$ 1:2
$A_{0}=\alpha_{0}+\alpha_{3},$ $A_{1}=\alpha_{1},$ $A_{2}=\alpha_{2}$ $Wv$
$S_{0}:=s$3s0s3 $=s_{0}s_{3}s_{0}$ , $S_{1}=s_{1}$ , $S_{2}=s_{2}$
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$\text{ }$
$S_{0}(A_{0})=-A0,$ $S_{0}(A_{1})=A_{1}+A_{0}$ , $S_{0}(A_{2})=A_{2}+A_{0}$ ,
$S_{1}(A_{0})=A_{0}+A_{1}$ , $S_{1}(A_{1})=-A1,$ $S_{1}(A_{2})=A_{2}+A_{1}$ ,
$S_{2}(A_{0})=A_{0}+A_{2}$ , $S_{2}(A_{1})=A_{1}+A_{2}$ , $S_{2}(A_{2})=-A2$
\S 2 $S_{0},$ $S_{1},$ $S_{2}$ $\epsilon,$ $T,$ $Q,$ $P$





$\epsilonarrow 0$ $\mathrm{f}\mathrm{f}\mathrm{l}_{4}\mathrm{B}\backslash \cdot$
$A_{0},$ $A_{1}$ , A2
$\epsilon$
$S_{\dot{\iota}}$





$S_{0}(\epsilon)=\epsilon(1+2A0\epsilon^{2})-1/2,$ $S_{1}(\epsilon)=\epsilon$ , $S_{2}(\epsilon)=\epsilon$(1-2A$2^{\mathcal{E}^{2}}$ ) $-1/2$
$S_{0}(T)=(T-A_{0}\epsilon)(1+2A_{0}\epsilon^{2})^{-1/2}$ , $S_{1}(T)=T$,
$S_{2}(T)=(T+A_{2}\epsilon)(1-2A_{2}\epsilon^{2})^{-1/2}$
$\text{ ^{}\prime}k\text{ _{ } }\overline{\mathrm{b}}[]^{\wedge}$.
$S_{1}(Q)=Q$ , $S_{1}(P)=P- \frac{A_{1}}{Q}$




$S_{0}(Q) arrow Q+\frac{2A_{0}}{2P-Q-2T}$ , $S_{0}(P) arrow P+\frac{A_{0}}{2P-Q-2T}$
$2P-Q-2T\neq 0$
$A_{0},$ $A_{1}$ , A2, $T,$ $Q,$ $P$
$W_{IV}$ $S_{0}$ , $S_{1},$ $S_{2}$
$\mathcal{W}_{V}$ $W_{Varrow IV}$ $\epsilonarrow 0$ $W_{IV}$
$W_{Varrow IV}$ $A_{0},$ $A_{1},$ $A_{2},$ $\epsilon$ $T,$ $Q,$ $P$
$P_{Varrow IV}$ $W_{Varrow IV}$
$\delta_{V}=td/dt=(1+2\epsilon T)(2\epsilon)^{-1}d/dT=(1+2\epsilon T)(2\epsilon)^{-1}$ 61V
$H_{Varrow IV}:=2\epsilon(1+2\epsilon T)^{-1}H_{V}$ $\epsilon-arrow 0$ $Hvarrow IVarrow H_{IV}$
) $P_{Varrow IV}$
$\delta_{IV}Q=\{H_{Varrow IV}, Q\}$ , $\delta_{IV}P=\{H_{Varrow IV}, P\}$
$w\in W_{Varrow IV}$
$\delta_{IV}w(Q)=\{\frac{2\epsilon}{1+2\epsilon T}w(\frac{1+2\epsilon T}{2\epsilon})w(H_{Varrow IV}),$ $w(Q)\}$ ,
$\delta_{IV}w(P)=\{\frac{2\epsilon}{1+2\epsilon T}w(\frac{1+2\epsilon T}{2\epsilon})w(H_{Varrow IV}),w(P)\}$
$\delta_{V}$ $w\in$
$W_{Varrow IV}$ $\delta_{IV}$
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